. nov., are described on the basis of a phylogenetic analysis comparing 165 rRNA sequences, DNA-DNA liquid hybridization, DNA base composition, normalized ribotype patterns, macrorestriction pattern analysis and estimation of genome size using PFGE, cell wall composition, phenotypic characteristics and plasmid profiles. Compared with their closest relatives, members of the genus Staphylococcus, these organisms demonstrated significantly lower 165 rRNA sequence similarities (934-9503 %), higher DNA G+C content (38-45 mol YO), absence of cell wall teichoic acids (with the possible exception of M. caseolyticus), unique ribotype pattern types and macrorestriction patterns, smaller genome size (approx. 1500-1800 kb) and generally larger Gram-stained cell size (14-205 pm in diameter). Macrococci can be distinguished from most species of staphylococci (except Staphylococcus sciuri, Staphylococcus witulus and Staphylococcus lentus) by their oxidase activity. The four Macrococcus species can be distinguished from one another on the basis of DNA-DNA hybridization, ribotype pattern types, macrorestriction patterns and their phenotypic properties, including colony morphology, cell morphology, haemolysins, Staph Latex agglutination, acid production from a variety of carbohydrates, acetoin production, nitrate reduction, aesculin hydrolysis, and DNase and urease activities. The type species is M. equipercicus. The type strains of M. equipercicus, M. caseo/yticus, M. bovicus and M. carouselicus are ATCC 5183IT ( (Schleifer et al., 1982). These strains were isolated from the milk of cattle, but more recently several strains have been isolated from the abscesses of slaughtered lambs (De La Fuente et al., 1992) and one from the milk of goats (De Buyser et al., 1992).
INTRODUCTION
Comparative chemical, biochemical and nucleic acid hybridization analyses of strains designated as ' Micrococcus caseolyticus ' ATCC 13548 and Micrococcus varians ATCC 29750 indicated that they are related to, but distinct from, other known members of the genus Staphylococcus, and for this reason they were placed in a new staphylococcal species named Staphylococcus caseolyticus (Schleifer et al., 1982) . These strains were isolated from the milk of cattle, but more recently several strains have been isolated from the abscesses of slaughtered lambs (De La Fuente et al., 1992) and one from the milk of goats (De Buyser et al., 1992) .
In a preliminary investigation (Ballard et al., 1995) , we sampled the skin of 15 cattle, 25 goats, 14 horses, 10 ponies, 4 whales, 25 dolphins and meat products for the presence of Staphylococcus caseolyticus. This species was isolated from only three samples of raw beef and the skin of a pilot whale and so can still be thought of as a relatively uncommon species. Surprisingly, we discovered a group of three new species related to Staphylococcus caseolyticus living on the skin of cattle, horses and ponies. The group was found as large populations on 11 of the 14 horses and all of the ponies sampled in this study. This report is a description of these organisms based on a variety of phenotypic characters, cell wall composition, electrophoretic patterns of EcoRI restriction fragments labelled by hybridization with an rRNA operon from Escherichia coli, macrorestriction patterns of SmaI and Not1 chromosome fragments, DNA-DNA liquid hybridization, DNA base composition and 16s rRNA sequences. Compared with staphylococci, these organisms demonstrated significantly lower 16s rRNA sequence similarities, higher DNA G + C content, absence of cell wall teichoic acids, larger cell size and smaller genome size, indicating that the new species and Staphylococcus caseolyticus should be placed into a separate, but related genus, which has been given the name Macrococcus gen. nov.
used to extract the strain data from each lane and digitally process the bands to a normalized and reproducible characterization. Each strain was then represented in a database by a set of fragment bands. Sets from independently isolated strains that were indistinguishable within the experimental error were averaged and the mean value was stored as a ribotype pattern type. Genomic DNA-DNA hybridization. thymidine-labelled total DNAs were isolated and purified by using a modification of the procedures of Brenner et al. (1969) for use with Macrococcus and staphylococcal species that are somewhat difficult to lyse (Kloos & Wolfshohl, 1979; Kloos et al., 1997) . DNA-DNA reassociation reactions were performed in duplicate or triplicate under stringent (70 "C) and optimal (55 "C) conditions (Kloos & Wolfshohl, 1979; Kloos, 1980 Kloos, , 1998 . At the termination of reactions, double-stranded (hybridized) DNA was separated from unreacted, single-stranded DNA on hydroxyapatite by the batch procedure described by Brenner et al. (1 969) . The relative binding (or DNA relatedness) was determined by normalizing the amount of DNA bound to hydroxyapatite in heterologous reactions to that bound in the homologous reaction, where labelled and unlabelled DNA were from the same organism. Phylogenetic analyses based on 165 rRNA sequences. The procedures for determining the 16s rRNA sequences of the Macrococcus species type strains have been described previously (Springer et al., 1993) . The new 16s rRNA sequences were added to an alignment of homologous primary structures available from public databases (Maidak et al., 1996; Van de Peer et al., 1996) . Phylogenetic analyses were performed by applying distance matrix, maximum-parsimony and maximum-likelihood methods on different data sets. Distance matrix as well as maximum-parsimony analyses were performed using data sets comprising all available 16s rRNA primary structures from Gram-positive bacteria with a low DNA G + C content as well as reference sequences from selected representatives from each of the remaining major phylogenetic groups of bacteria. Maximum-likelihood methods (Spring et al., 1996) were used to analyse subsets of about 50 sequences comprising the homologous primary structures from macrococci, staphylococci, B. subtilis and Salinicoccus roseus, and also selected outgroup references from other major phylogenetic groups. The data sets varied with respect to the reference sequences as well as the alignment positions. The variabilities of the individual alignment positions were determined and used as criteria to successively remove highly variable positions from the data set. This was done to recognize and minimize treeing artefacts resulting from alignment errors, database inconsistencies and ' false ' identities (multiple base changes) in highly variable regions. The calculations and data analyses were performed using the ARB program package (Ludwig & Strunk, 1997 Kloos (1994) . Cultures were grown in 5 ml Brain Heart Infusion (BHI; Difco) broth for 18 h at 35 "C. A 1 ml aliquot of the overnight culture was then added to a 1.5 ml microcentrifuge tube and centrifuged for 5 min in a MicroCentrifuge (model 235A: Fisher Scientific). The cell pellet was resuspended in 1 ml TEN buffer (0-1 M Tris, 0.15 M NaCl, 0.1 M EDTA , pH 7.5) and centrifuged again for 5 min. The resulting cell pellet was resuspended in 300 pl EC lysis buffer (6mM Tris/HCl, 1 M NaC1, 0.1 M EDTA, containing 0.5% Brij 58, 0.2% deoxycholate and 0.5% sodium lauroylsarcosine, pH 7.9, to which was then added 15 pl recombinant lysostaphin (Ambicin L; Aplin & Barrett) solution (1 mg ml-' in 20 mM sodium acetate, pH 4.5) and 5 p1 chicken egg white lysozyme (Sigma) solution (50 mg ml-l in water). The treated cell suspension was vortexed and a 300 pl aliquot was transferred to 300 pl warm (55 "C) 2 % low-gelling-temperature agarose (Seaplaque, FMC) prepared with EC lysis buffer. The agarose/cell suspension was immediately vortexed and then transferred to a well of a 10-well sample plug mould (Bio-Rad). The agarose plug was cooled for 10 min at room temperature. The cooled agarose plug was removed from the mould with the aid of a small spatula and then transferred to 3 ml EC lysis buffer and incubated for 1-2 h at 37 "C until the plug was cleared (complete lysis). Following lysis, the EC lysis buffer was carefully decanted and replaced with 3 ml TE buffer (10 mM Tris/HCl, 1 mM EDTA, pH 7.6). The agarose plug in TE buffer was incubated at 55 "C for 1 h. The TE buffer was decanted and replaced with 3 ml fresh TE buffer. The agarose plugs were stored at 4 "C for up to 1 month. Digestion of total DNA by the restriction endonuclease SmaI (for Staphylococcus species and M . caseolyticus, which have a DNA G + C content of less than 40 mol %) and NotI (for M . equipercicus, M . bovicus, M . carouselicus, B. subtilis and Salinicoccus roseus, which have a G + C content of greater than 40 mol YO) was performed in a 1.5 ml microcentrifuge tube by using a 125 pl assay conducted according to the instructions of the manufacturer (New England Biolabs). A section (2 x 4 x 1.5 mm) of the agarose plug prepared as above was added to the assay tube and then incubated with shaking (150 r.p.m.) for 2 h at 25 "C for SmaI assays or 37 "C for NotI assays. PFGE procedures, macrorestriction pattern analysis and genome size determinations were conducted as described previously (George & Kloos, 1994) .
Plasmid profile analysis. The procedures for plasmid DNA isolation and the agarose gel electrophoresis of the purified plasmid preparations have been described previously (DeGuglielmo et al., 1991) , except that in the present study the lysing buffer contained both lysostaphin (500 pg ml-l) and lysozyme (775 pg ml-l) as the staphylolytic enzymes and electrophoresis was performed in horizontal agarose gels (10 cm x 15 cm x 3 mm, 20 wells). Macrococcus gen. nov. Cell wall analysis. Cell walls were purified with 4 % SDS by using the procedures of Glauner et al. (1988) . The cell wall peptidoglycan and teichoic acid analyses were performed as described previously (Schleifer & Kandler, 1972 ; Anderson et al., 1977; Kaya et al., 1985; Webster et al., 1994) . Phosphate levels were determined by the method of Ames (1966) . Lipoteichoic acid analyses were performed as described for Staphylococcus species (Ruhland & Fiedler, 1990) .
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DNA base composition. The DNA G + C content was determined by the thermal denaturation method of Marmur & Doty (1962) using a Gilford Response Spectrophotometer with Response I1 Thermal Programming (Gilford Systems).
RESULTS AND DISCUSSION
Phylogenetic position and analysis of 16s rRNA sequences Phylogenetically, Staphylococcus caseolyticus (Schleifer et al. 1982) and the related group of species previously designated as ' Staphylococcus equipercicus ', ' Staphylococcus bovicus ' and ' Staphylococcus carouselicus' (Ballard et al. 1995) were separated from other recognized staphylococci to such an extent that they should be considered as members of a separate genus, herein designated Macrococcus gen. nov. The intergroup 16s rRNA sequence similarities were 93.4-95.3 YO, suggesting that macrococci represent the sister group of the staphylococci. The monophyletic status of both groups is well-documented in the unrooted tree of Fig. 1 and by overall intragroup 16s rRNA sequence similarities of 2 97.7 YO for macrococci and 2 96.5 YO for staphylococci. The sequence similarities of these two groups and B. subtilis and Salinicoccus roseus, their next shown relatives among the Gram-positive bacteria with a low DNA G + C content, were 90.5-92-9 %. The data shown in Fig. 1 are based on at least 90 % complete (in comparison with the 16s rRNA from E. coli) 16s rRNA primary structures from each of the representative species. All other staphylococcal species not shown, but yet represented by complete or partial 16s rRNA sequence data in public (Maidak et al., 1996; Van de Peer et al., 1996) 
DNA-DNA hybridization and DNA base compostion
The DNA relationships and DNA G + C content of selected Macrococcus, Staphylococcus, Salinicoccus and B. subtilis strains are shown in Table 2 . Each of the Macrococcus species was represented by three strains, one of which was the type strain. The Staphylococcus species selected were those found living together with Macrococcus species on the same host species (i.e. artiodactyls, perissodactyls and cetaceans), and the more distantly related species Staphylococcus epidermidis that is occasionally found as transient populations on these hosts. In addition, Staphylococcus auricularis was selected for this study because it has been reported (Schleifer, 1986 ) that this species has an unusual teichoic acid like that proposed for Staphylococcus caseoly ticus, i. e. a poly(Wacetylglucosaminy1-phosphate) type. As can be seen from the data, each proposed Macrococcus species formed a separate, welldefined DNA similarity group under optimal (55 "C) and stringent (70 "C) conditions. Strains of the same Macrococcus species demonstrated a relatively high level of DNA relatedness (mean relative binding of 78 6 % at 55 "C and 72 f 3 % at 70 "C, shown as bold numbers in the Only sequence positions which shared identical nucleotides in at least 50% of all available sequences of macrococci and staphylococci were used t o construct the tree. Bar, 5 substitutions per 100 nucleotides.
%
Sa. roseus ATCC 49258T
designated the Macrococcus equipercicus species group. The DNA relatedness of Macrococcus species to members of the Staphylococcus sciuri species group (Staphylococcus sciuri, Staphylococcus lentus and Staphylococcus vitulus) appeared to be slightly higher than to the other staphylococcal species (14f3 vs 11 f 2 % at 55 "C). Furthermore, of the four macrococcal species, M . caseolyticus appeared to be the most closely related to the Staphylococcus sciuri species group (19 f 0.5 vs 13 & 1 % at 55 "C). There was a good correlation between the results of DNA-DNA hybridization and the analysis of 16s rRNA sequences (Fig. 1) in that both methods suggested the genus Macrococcus is more closely related to Staphylococcus sciuri than to staphylococcal species outside the Staphylococcus sciuri species group.
The DNA G + C content of 41-45 mol YO for members of the M . equipercicus species group is higher than that of recognized Staphylococcus species (Kloos & Schleifer, 1986 ; Kloos et al., 199 1 ; Kloos, 1998) (Table  2 ) and these results further support the inclusion of these species in a separate genus. The DNA G + C content of 38-39 mol% reported for M. caseolyticus (Schleifer et al., 1982) was shared by several of the staphylococcal species and this feature is consistent with the results of DNA-DNA hybridization, suggesting that this species is more closely related to staphylococci than are members of the M . equipercicus species group.
Normalized ribotype patterns
An ensemble of ribotype pattern types sharing common features and not fitting into any known species structure potentially constitutes an undescribed species. This statement is dependent on knowledge of the polymorphic pattern structures surrounding the newly recognized species. With this in mind, we determined the ribotype patterns of approximately 2500 strains representing 3 1 species of Staphylococcus (Hubner et al., 1993; Cole et al., 1994; Webster et al., 1994) (Fig. 2) had a unique combination of conserved fragment sizes detected by hybridization with the labelled rRNA operon probe. All of the pattern types of M . caseolyticus contained bands at 0.76, 1-05, 1-3, 2-3 and 3.9 kbp; all M . equipercicus patterns contained bands at 1.1, 2.3, 2.6, 4-2 (except dd 11648) and 10 kbp; all M . bovicus patterns contained bands at 1.1 (except dd 09617), 1.3, 2, 2.4 (except dd 04518) and 4 (except dd 09344) kbp; and all M . carouselicus patterns contained bands at 1.05, 1.3, 1.7, 2.4 and 8 kbp. In support of the transfer of Staphylococcus caseolyticus to the genus Macrococcus, all of the above four species demonstrated conserved fragments of 1.05-1-1 kbp and 9.5-10 kbp, whereas some Staphylococcus species demonstrated a slightly smaller conserved fragment of 1-0 kbp and only occasionally had a fragment of about 10 kbp (Fig.  2) Macrococcus gen. nov. separated following PFGE (Fig. 3) . The ten strains produced eight different macrorestriction patterns. Three strains (DD 7087, DD 7049 and DD 7098) isolated from the same food-processing factory produced a very similar pattern. These strains could be distinguished only on the basis of their plasmid profile (data not shown) and they probably represent relatively recent subclones. SmaI-digest fragments of sizes 2.9,3.0,3.2,9-5,23,40,45,68,99 and 108 kb are highly conserved among M. caseolyticus strains. Based on the sum of the sizes of SmaI-digest fragments, the estimated size of the M . caseolyticus genome is 1714k 93 kb (Table 3) .
SmaI cleaved the chromosomes of members of the M. equipercicus species group into a very large number of small fragments, many of which were overlapping and not clearly distinguishable by PFGE. Several other restriction endonucleases that recognize GC hexanucleotide sequences (NaeI, NarI and SacII) and GC octanucleotide sequences (NotI, FseI and AscI) were tested for their ability to produce definable macrorestriction patterns. Of these enzymes, the restriction endonuclease NotI (recognition site : 5' . . . GCGGC-CGC . . .3') was most satisfactory for members of the M . equipercicus species group in that it cleaved their chromosome into a relatively small number of fragments, most of which were well-separated by PFGE. This enzyme cleaved the chromosomes of 21 of the 22 strains of M . equipercicus into 33-37 fragments (Fig.  3 ). These strains produced 19 different macrorestriction patterns. The chromosome of strain DD 9347 appeared to be only partially cleaved at two sites by NotI, as indicated by the presence of a single faint band migrating in the gel. It is quite possible that some strains of macrococci produce site-specific DNA methylases inhibiting digestion by NotI, for this enzyme is sensitive to certain types of site-specific methylation. Many of the NotI-digest fragments of M . equipercicus strains were highly conserved, especially those of sizes 2,3.2-3.8,4.2,6.5,7,8,83, 10, 12, 14, 15, 16, 18, 22, 25, 28, 34, 36, 48, 57, 79 and 88 kb. The estimated size of the M. equipercicus genome is 1536 _+ 9 1 kb (Table 3) , though it may be slightly larger since the number of discrete fragments present in several of the intensely stained bands is uncertain.
NotI cleaved the chromosomes of nine of the ten strains of M . bovicus into 14-17 well-separated fragments (Fig. 3) . The nine strains produced eight different macrorestriction patterns. The chromosome of strain DD 9603 appeared to be only partially cleaved at two sites by NotI, as indicated by the presence of a single faint band following PFGE. NotIdigest fragments of sizes 4.9, 12, 19, 28, 44 and 97 kb were highly conserved among M . bovicus strains. The estimated size of the M . bovicus chromosome is 1753 f 64 kb (Table 3 ).
The chromosomes of 16 of the 17 strains of M . carouselicus were cleaved by NotI into 12-16 wellseparated fragments (Fig. 3) . The 16 strains produced 15 different macrorestriction patterns. The chromosome of strain DD 9608 appeared to be cleaved by NotI at only two sites, as indicated by the presence of a single, well-defined band following PFGE. NotIdigest fragments of sizes 6.9, 11, 16, 26, 39, 56 and 100 kb were highly conserved among M . carouselicus strains. The estimated size of the M . carouselicus chromosome is 1706 & 95 kb ( Table 3) . As can be seen from the data in Table 3 , the genome sizes of Macrococcus species are significantly smaller than those of the Staphylococcus species for which there have been calculations of genome size.
Cell wall composition
The cell-wall peptidoglycan and teichoic acid composition were determined for several strains of each of the Macrococcus species, including M . caseolyticus DD 4508T and DD 4509 determined previously (Schleifer et al., 1982) (Schleifer, 1986 ; Kloos, 1998 polymer chain (Schleifer, 1986) . However, since only very low amounts of phosphorus [Om45 pmol (mg cell wall)-l] and glycerol could be detected in the cell wall upon reinvestigation of the type strain, it appears that any teichoic acid present in M . caseolyticus would be in an amount much lower than that found in the cell walls of staphylococci. The teichoic acid of M . caseolyticus strain DD 6075 also contained N-acetylgalactosamine, whereas strain DD 4509 contained N-acetylglucosamine as the N-acetylaminosugar residue. The cell walls of members of the M . equipercicus species group did not contain detectable levels of teichoic acids, as indicated by the absence of both phosphorus and polyol residues. By contrast, the cell walls of all currently recognized Staphylococcus species contain teichoic acids (End1 et al., 1983 ; Schleifer, 1986; Kloos, 1998 carouselicus. The glycosyl residue of the glycolipid is gentiobiosyl, which is the same glycosyl as that found in staphylococci. The fatty acid substitution was not investigated.
Phenotypic characterization
Cells of macrococci were Gram-positive and 1.1-2.5 pm in diameter, depending on the species and growth medium. They were non-motile and non-sporeforming, and were arranged mostly in pairs and tetrads, and occasionally single or arranged in short chains. Cells of M . equipercicus and M . carouselicus were usually larger than those of the other macrococcal species. When grown in TS broth, the Gram-stained cells of macrococci were approximately 2-5-4 times the diameter of Staphylococcus aureus cells and 1-5-2.5 times the diameter of Staphylococcus sciuri cells. The difference in cell size between the two genera was less remarkable when cells were grown in BHI broth or on TSA, TSA plus 5 % sheep blood, BHI agar or P agar. Cells of M . equipercicus were arranged predominantly in tetrads. We found serendipitously that Gramstained cells of macrococci, when viewed under the phase-contrast microscope, appeared much larger than staphylococci and their cells reflected a glowing pinkor orange-brown colour (Fig. 4) . Scanning electron microscopy (SEM) revealed that the surface of M . caseolyticus cells was quite smooth, whereas the surface of M . bovicus and M . carouselicus cells was somewhat irregular, and numerous small piliform projections were present on the surface of M . equipercicus cells (Fig. 5) . Macrococci are marginally facultative anaerobes. Growth was much better under aerobic conditions than under anaerobic conditions. Members of the M . equipercicus species group do not grow significantly in the anaerobic portion of a thioglycollate semi-solid medium; however, some strains of M . caseolyticus grow slowly in the anaerobic portion of this medium.
Macrococci were positive for catalase and oxidase (Microdase disk test) activities, resistant to the 0.04 U bacitracin (Taxo A) disk and lysozyme (25 pg ml-l), and susceptible to the 100 pg furazolidone disk. They were negative for staphylocoagulase, alkaline phosphatase, ornithine decarboxylase, P-glucuronidase and P-galactosidase activities and arginine utilization, and did not produce acid from Macrococcus gen. nov.
oxacillin, and strains DD 11644, DD 11648 and DD 11 649 showed intermediate resistance to oxacillin; all other macrococci examined in this study were susceptible to this antibiotic. The mechanism for oxacillin resistance in these organisms is unknown. The gene mecA appeared to be absent in the above strains since amplification products were not detected in PCR using a set of primers capable of detecting mecA homologues in staphylococci (Kloos et al., 1998 
Plasmid profiles
An examination of plasmid carriage was prompted by the results of antibiograms showing the absence among macrococci of antibiotic resistances (e.g. to penicillin G, erythromycin, clindamycin, tetracycline, gentamicin, kanamycin, streptomycin and chlorampenicol) commonly determined by plasmid-borne genes in most staphylococcal species and other related bacteria (Lyon & Skurray, 1987; Novick, 1989; Archer & Climo, 1994; Kloos, 1998 1982; End1 et al., 1983; Schleifer, 1986 ) and data from this study. Cells are spherical or coccoid, Grampositive, non-motile, non-encapsulated and do not produce endospores. They are 1-1-2.5 pm in diameter and are larger than the cells of Staphylococcus species when comparisons are made of cells grown on the same medium. Metabolism is mainly respiratory; growth is chemoorganotrophic and only marginally facultatively anaerobic. They are catalase-and oxidase-positive, staphylocoagulase-, ornithine-decarboxylase-, alkaline-phosphatase-, P-glucuronidaseand P-galac tosidase-nega tive, non-halop hilic and mesophilic. They are resistant to bacitracin and lysozyme, and susceptible to furazolidone. The peptidoglycan type is ~-Lys-Gly,-,, L-Ser, and only one of the four macrococcal species, i.e. Macrococcus caseolyticus, appears to contain cell-wall teichoic acid. Lipoteichoic acid is present. The genome size range is approximately 150G1800 kb. The G + C content of the DNA is 38-45 mol YO [as determined by the thermal denaturation method (Marmur & Doty, 1962) l. The type species is Macrococcus equipercicus. It was selected as the type species in place of M . caseolyticus, the first described species of the group, because it is the most typical of the cluster of four species now recognized. The description below is based on characteristics previously described (Schleifer et al., 1982) and this paper. A total of ten strains were examined (Table I) , including strains DD 4508T (= ATCC 13548T) and DD 4509 (= ATCC 29750) isolated from cow's milk, and an additional eight strains isolated in 1992 from the skin of a whale and from raw beef and other meat products. Colonies grow to 3 f 1 mm in diameter on P agar and 7 f 1 mm in diameter on TSA. They are slightly convex, entire, butyrous, glistening and opaque, and may be unpigmented (grey-white) or have a pale yellow pigmentation. Growth in the anaerobic portion of a semi-solid thioglycollate medium ranges from no detectable growth to weak, delayed growth. A small amount of L-(+)-lactic acid is produced from glucose under anaerobic conditions. Growth is good at NaCl concentrations up to 10%. Optimum growth temperature is 35 "C. The cytochromes of strains DD Macrococcus gen. nov. 4508T and DD 4509 are aa, , c , ~~, c, , , , b, , , and b, , , , and aa, , c , ~~, c, , ~, b, , ,  and b564, respectively. Both of these strains produce a class I1 fructose-1,6-diphosphate aldolase. The cell wall contains only small amounts of phosphorus and glycerol and appears to have an atypical teichoic acid of the type poly(N-acetylgalactosaminylphosphate) [ Table 4 . The API STAPH-IDENT profile is 0400.
Major ID32 STAPH profiles are 0661 30300 (30 YO), 062130300 (30%) and 066130101 (30%). The G + C content of the DNA is 38-39 mol YO. This relatively uncommon species appears to have a preference for artiodactyl (e.g. cattle, sheep and goats) and cetacean (e.g. whale) hosts and may be found in their milk and meat products.
Amended description of the type strain. Type strain is ATCC 13548T (Schleifer et al. 1982 ) (= D D 450ST), isolated from cow's milk, which was previously designated the type strain of Staphylococcus caseolyticus (Schleifer et al. 1982) . It has all of the general properties of the species and genus described above and also the following characteristics. Cells are spherical, 1.1-2 pm in diameter, have a smooth surface (SEM), and occur singly, in pairs, short chains and clusters. Colonies on P agar and TSA are circular, 4-5 mm in diameter, entire, low convex, and possess a smooth and glistening surface and a sticky consistency. This species has a preference for perissodactyls (e.g. horses and ponies) and is commonly found as large populations on the skin of these mammals. Table 4 . The major API STAPH-IDENT profile is 0000 (94 YO) and major ID32 STAPH profiles are 050100000 (28%), 070100000 (28%) and 010100000 (22%). The major ribotype pattern types are dd 09342 (28%) and dd 09349 (17%). The G + C content of the DNA is 41 mol %. This species has a preference for perissodactyls (e.g. horses and ponies) and is commonly found as large populations on the skin of these mammals.
Description of the type strain. Type strain is ATCC 51828T (= DD 934ST), isolated from the skin of an Irish thoroughbred horse. It has all the general properties of the species and genus described above and also the following characteristics. Cells are spherical, 14-25 pm in diameter, have a slightly irregular surface (SEM), and occur in pairs, tetrads, short chains and clusters. Colonies are 4-5 mm in diameter on P agar and 6-7 mm in diameter on TSA, circular, entire, slightly convex, and with a glistening surface and butyrous consistency. et al., 1983; Schleifer et al., 1982) .
? Staphylococcus sciuri, Staphylococcus lentus and Staphylococcus vitulus of the Staphylococcus sciuri species group are oxidasepositive (Schleifer, 1986; Webster et al., 1994; Kloos et al., 1997) .
1 NotI digestion of chromosomal DNA yields: + , 12-36 fragments; f , 5-6 fragments; -, &4 fragments.
able teichoic acid. Lipoteichoic acid is present. G + C content of DNA is 41 mol%.
Distinguishing characteristics
The phenotypic and DNA characteristics that are useful for distinguishing the genera Macrococcus and Staphylococcus, and the Macrococcus species from each other are summarized in bovicus produce colonies on TSA that are smaller than those of the other species. M . carouselicus is unique in that it either fails to produce acid or produces acid only weakly from glycerol and produces acid only weakly from P-D-fructose, and it can be further distinguished by the combined characteristics of positive aesculin hydrolysis and DNase activity, negative urease activity and failure to produce acid from maltose.
